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$\mu$ $K$ Radon $supp\mu=K$
$K$ $f$ $supp(|f|d\mu)$ $suppf$ $K$
$C(K)$ $C(K)$ $C_{c}(K)$
2.1 $(\mathcal{E}, \mathcal{F})$ $L^{2}(K, \mu)$ Dirichlet
(i) $\mathcal{F}$ $L^{2}(K, \mu)$ $\mathcal{E}:\mathcal{F}\cross \mathcal{F}arrow \mathbb{R}$
(ii) $(\mathcal{E}, \mathcal{F})$ $L^{2}(K, \mu)$ closed, $f,$ $g\in \mathcal{F}$
$(f, g)_{\mathcal{F}}:= \mathcal{E}(f, g)+\int_{K}fgd\mu$
$\mathcal{F}$ $(\cdot, \cdot)_{\mathcal{F}}$ $\mathcal{F}$ Hilbert
$*1$ ( : 21740094)
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(iii) (Markov ) $f\in \mathcal{F}$ $\hat{f}=(0\vee f)\wedge 1$ $f\in \mathcal{F}$
$\mathcal{E}(\hat{f}, f)\leq \mathcal{E}(f, f)$
(iv) ( ) $\mathcal{F}\cap C_{c}(K)$ $\mathcal{F}$ $C_{c}(K)$ $\mathcal{F}$
$(\cdot, \cdot)_{\mathcal{F}}$ $C_{c}(K)$
(v) ( ) $f,$ $g\in \mathcal{F}$ $suppf,$ $suppg$ $suppf$
$g$ $\mathcal{E}(f, g)=0.$
2.2 Dirichlet $K$ $\mu$-
$\{X_{t}\}$
$(\mathcal{E}, \mathcal{F})$ Dirichlet $\mathcal{F}$
$f\in \mathcal{F}_{b}$ $f$ $\nu_{f^{*2}}$
$K$ Radon :







$K$ $\nu_{f,g}$ $\nu_{f,g}$ $f,$ $g$
Dirichlet $(\mathcal{E}, \mathcal{F})$
[Hi10]
2.3 $K$ Radon $\nu$ $(\mathcal{E}, \mathcal{F})$ minimal energy-dominant measure (
) 2
(i) $f\in \mathcal{F}$ $\nu_{f}\ll\nu$ ( $\nu_{f}$ $\nu$ ).
(ii) $\nu’$ ( $\nu$ $\nu’$ ) $\nu\ll\nu’$
$*2$ [FOT] $\mu\langle f\rangle$
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$v_{f,g}\ll\nu(f, g\in \mathcal{F})$ $v$ $\hat{v}$
$\nu$
$\hat{\nu}$




2.5 Dirichlet $(\mathcal{E}, \mathcal{F})$ $K$ $\mathbb{Z}_{+}\cup\{+\infty\}-$




rank $( \frac{dv_{f_{i},f_{j}}}{dv}(x))_{i,j=1}^{n}\leq p(x)$ $\nu-$a.e. $x\in K.$
$p$ $:=v- ess\sup_{x\in K}p(x)\in \mathbb{Z}_{+}\cup\{+\infty\}$ $(\mathcal{E}, \mathcal{F})$
$p(x)$ $p$ $v$ $p(x)$ $\nu$-ae.
$x\in K$ “ “
$p$ $\{X_{t}\}$
([Hi10, Theorem 3.4]).
2.6 $K=\mathbb{R}^{d},$ $\mu=dx,$ $\mathcal{F}=W^{1,2}(\mathbb{R}^{d})$ $A(x)=(a_{ij}(x))_{i}^{d_{j=1}},(x\in \mathbb{R}^{d})$
$\mathbb{R}^{d\cross d}$- $x$ $A(x)$ $c_{1}>0,$ $c_{2}>0$
$c_{1}|h|_{\mathbb{R}^{d}}^{2}\leq(A(x)h, h)_{\mathbb{R}^{d}}\leq c_{2}|h|_{\mathbb{R}^{d}}^{2}, h\in \mathbb{R}^{d}, x\in \mathbb{R}^{d}$
$\mathcal{E}(f, g)=\frac{1}{2}\int_{\mathbb{R}^{d}}(A(x)\nabla f(x), \nabla g(x))_{\mathbb{R}^{d}}dx, f, g\in \mathcal{F}$ (2.1)
$(\mathcal{E}, \mathcal{F})$ $L^{2}(\mathbb{R}^{d}, dx)$ Dirichlet $f,$ $g\in \mathcal{F}$
$\nu_{f,g}(dx)=(A(x)\nabla f(x), \nabla g(x))_{\mathbb{R}^{d}}dx$
$\nu$ Lebesgue $dx$
$\frac{dv_{f_{i},f_{j}}}{dv}(x)=(A(x)\nabla f(x), \nabla g(x))_{\mathbb{R}^{d}}$
$p(x)=d\nu-a.e$ . $p$ $d$
147
2.7 $K=\mathbb{R}^{2},$ $\mu=dxdy$ (2 Lebesgue ) $f,$ $g\in C_{c}^{\infty}(\mathbb{R}^{2})$
$\mathcal{E}(f, g)=\frac{1}{2}\int_{\mathbb{R}^{2}}(\nabla f(x, y), \nabla g(x,y))_{\mathbb{R}^{2}}dxdy+\frac{1}{2}\int_{\mathbb{R}}\frac{\partial f}{\partial x}(x, 0)\frac{\partial g}{\partial x}(x, 0)dx$
$(\mathcal{E}, C_{c}^{\infty})$ $L^{2}(K, \mu)$ $(\mathcal{E}, \mathcal{F})$
$\nu_{f,g}=(\nabla f(x, y), \nabla g(x, y))_{\mathbb{R}^{2}}dxdy+\frac{\partial\tilde{f}}{\partial x}(x, 0)\frac{\partial\tilde{g}}{\partial x}(x, 0)dx\otimes\delta_{0}(dy)$ , $f,$ $g\in \mathcal{F}$
( 1 $f$ $\delta_{0}$ $0$ Dirac )
$\nu$ $dx\otimes(dy+\delta_{0}(dy))$






$(K, \mu),$ $(\mathcal{E}, \mathcal{F}),$ $\nu$ $p$
3.1 $\mathcal{F}^{p}:=\mathcal{F}\cross\cdots\cross \mathcal{F}\sim$ $\mathcal{G}$ $\mathcal{G}$ $(g_{1}, \ldots, g_{p})$
$p$
(i) $i=1,$ $\ldots,p$ $\nu$g
(ii) $\nu-a.e.x$ $( \frac{d\nu_{g_{i},g_{j}}}{d\nu}(x))_{i,j=1}^{p(x)}$
$p=1$ 3.1 2.4 3.1 2.4
$g=(g_{1}, \ldots, g_{p})\in \mathcal{G}$ 1 $Z_{g}(x);=( \frac{d\nu_{g_{i},g_{j}}}{d\nu}(x))_{i,j=1}^{p}$
$g:Karrow \mathbb{R}^{p}IJK$ ($g$ ), $Z_{g}(x)$ $x\in K$
Riemann $p(x)$
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3.2 ($\mathcal{F}$ “ ”) $f\in \mathcal{F}$ $K$ $v$- $\mathbb{R}^{p}$
$\nabla_{g}f=t(\partial^{(1)}f, \ldots, \partial^{(p)}f)$ $\nu-a.e$ . : $\nu-a.e.x$
$\partial^{(j)}f(x)=0(j>p(x))$
$f(y)- \tilde{f}(x)=\sum_{i=1}^{p(x)}\partial^{(i)}f(x)(\tilde{g}_{i}(y)-\tilde{g}_{i}(x))+R_{x}(y) , y\in K$ (3.1)
$\frac{d\nu_{R_{x}}}{d\nu}(x)=0.$
$\mathcal{E}(f, h)=\frac{1}{2}\int_{K}(\nabla_{g}f, Z_{g}\nabla_{g}h)_{\mathbb{R}^{p}}dv, f, h\in \mathcal{F}$ (3.2)
$f$ $f$ $\frac{d\nu_{R_{x}}}{d\nu}(x)$ $x$
$R_{x}(y)$ (3.1) $y$ $\frac{dv_{R_{x}}}{d\nu}(y)$
v-version $y=x$
$\frac{d\mu_{\langle R_{x}\rangle}}{d\nu}(x)=\frac{d\mu_{\langle f\rangle}}{d\nu}(x)-2\sum_{i=1}^{p(x)}\partial^{(i)}f(x)\frac{d\mu_{\langle f,g_{i}\rangle}}{dv}(x)+\sum_{i,j=1}^{p(x)}\partial^{(i)}f(x)\partial^{(j)}f(x)\frac{d\mu_{\langle g_{i},g_{j}\rangle}}{d\nu}(x)$
3.3 3.2
(1) (3.2) ( Riemann ) $-[Kus89$ , Kus93,
Ki93, TeOO].
(2) $p=1$ (3.1) $-[PT08$ , Hi10$].$
3.1 3.2
3.4 $K$
(1) ( 1 )
(2) Sierpinski carpet ( 2 )
$\mu$ $K$ Hausdorff $K$ Brown $L^{2}(K, \mu)$
Dirichlet $(\mathcal{E}, \mathcal{F})$ ([Li90, BB89, KZ92, BB99, BBKT10] )
$\nu$ $\mu$ ([Hi05, BBK06]), (1)
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12Sierpinski carpet
$p(x)$ $\nu-a.e$ . 1 ([Kus89, Hi08]), (2) $p(\geq 1)$
$d_{S}$ ([Hill]). 2 2 $d_{s}<2$
$p=1$ 2 3 Sierpinski carpet
$2<d_{s}<3$ $([BB99])$ , $P$ 1 2
(1) (2) Dirichlet







(i) $p(x)$ Riemann $Z_{g}$ $\nu-$ae.
$K$ $(\mathcal{E}, \mathcal{F})$
$\{X_{t}\}$
(ii) 3.1 $\mathcal{G}$ (1 )
$( K $ Sierpinski gaeket $ (\mathcal{E}, \mathcal{F})$ Brown
$\mathcal{G}$
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([Hi10, Theorem 5.6]) $)$ .
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